ABSTRACT Euschistus servus (Say), Nezara viridula (L.), and Chinavia hilaris (Say) (Hemiptera: Pentatomidae) are economic pests of cotton in the coastal plain of the southeastern United States. The objective of this 2-yr study was to determine the ability of trap cropping systems, pheromone-baited stink bug traps, and a synthetic physical barrier at the peanut-to-cotton interface to manage stink bugs in cotton. The physical barrier was the most effective management tactic. Stink bug density in cotton was lowest for this treatment. In 2010, boll injury was lower for the physical barrier compared to the other treatments except for soybean with stink bug traps. In 2011, boll injury was lower for this treatment compared to the control. Soybean was an effective trap crop, reducing both stink bug density in cotton and boll injury regardless if used alone or in combination with either stink bug traps or buckwheat. Incorporation of buckwheat in soybean enhanced parasitism of E. servus egg masses by Telenomus podisi Ashmead in cotton. The insertion of eyelets in the lid of the insect-collecting device of a stink bug trap allowed adult stink bug parasitoids, but not E. servus, to escape. Stand-alone stink bug traps were not very effective in deterring colonization of cotton by stink bugs or reducing boll injury. The paucity of effective alternative control measures available for stink bug management justifies further full-scale evaluations into these management tactics for control of these pests in crops.
In this region, peanut, Arachis hypogaea L., and cotton are two agricultural crops common to farmscapes. In peanut-cotton farmscapes, N. viridula and E. servus develop in peanut (Tillman 2008) and then late-instars and young adults disperse into cotton (Tillman et al. 2009, Tillman and Cottrell 2012) , resulting in higher cotton boll injury at the interface of the two crops (Toews and Shurley 2009) . A study on colonization of C. hilaris, N. viridula, and E. servus in peanut-cotton farmscapes revealed that cotton was a relatively good host for all three stink bug species, but surprisingly, peanut was an unlikely host for C. hilaris (Tillman 2013) . Nevertheless, an edge effect in dispersal of C. hilaris, as well as N. viridula and E. servus, into cotton occurred primarily at peanut-cotton interfaces (Tillman et al. 2009 Reeves et al. 2010; Cottrell and Tillman 2015) . The edge effect in dispersal of stink bugs into cotton was detected up to 8.2 m from the peanut-cotton interface ). For C. hilaris, an edge effect in dispersal of adults also occurred in cotton adjacent to woodlands.
One strategy for managing dispersing insect pests is trap cropping where an attractive plant species is used to arrest the pests and reduce their likelihood of entering a crop field (Hokkanen 1991 ). Trap crops have been shown to effectively manage stink bugs in conventional and organic crop production systems. White mustard, Sinapis alba (L.), with pea, Psium sativum (L.), and black mustard, Brassica nigra (L.), alone served as trap crops for N. viridula in organic sweet corn, Zea mays L. (Rea et al. 2002) . Grain sorghum, Sorghum bicolor (L.) Moench spp. bicolor, can suppress populations of N. viridula and E. servus at cropto-crop interfaces in cotton farmscapes (Tillman 2006, Tillman and Cottrell 2012) . Mizell et al. (2008) developed a stink bug trap cropping system composed of triticale (hybrid of wheat, Triticum, and rye, Secale), hairy vetch, Vicia villosa Roth, and crimson clover, Trifolium incarnatum L., during spring followed by sunflower, Helianthus annuus L., buckwheat, Fagopyrum esculentum Moench, sorghum, and pearl millet, Pennisetum glaucum (L.) R.Br., during summer and fall. This multifunctional habitat effectively managed E. servus, C. hilaris, and the leaffooted bug, Leptoglossus phyllopus (L.), in organically grown soybean. Early maturing or early planted soybean, Glycine max (L.) Merr., can be used as a trap crop to aid in management of N. viridula in later maturing soybean fields Newsom 1984, Todd and Schumann 1988) . In cottonsoybean farmscapes, C. hilaris, E. servus, and N. viridula are highly attracted to fruiting soybean, more so than to fruiting cotton , indicating that soybean may be an effective trap crop for these three stink bug species in cotton at peanutcotton interfaces.
A pyramid insect trap (Tedders and Wood 1994) was modified by Mizell and Tedders (1995) to facilitate stink bug capture. The male-specific pheromones of Euschistus spp. and N. viridula attract conspecific adults and nymphs (Harris and Todd 1980, Aldrich et al. 1991) . In the field, C. hilaris is cross-attracted to the pheromone produced by males of Plautia stali Scott (Tillman et al. 2010) . When pyramid stink bug traps are baited with lures containing pheromones attractive to these stink bug species, they effectively capture these bugs in the field (Tillman et al. 2010, Cottrell and Horton 2011) . The inclusion of pheromone-baited stink bug traps may improve the effectiveness of a trap cropping system. Perhaps stink bug traps unassociated with a trap crop could reduce the impact of stink bugs in cotton in a peanut-cotton farmscape.
Trichopoda pennipes (F.) (Diptera: Tachinidae) parasitizes N. viridula and C. hilaris adults while Euthera tentatrix Loew and Cylindromyia binotata (Bigot) (Diptera: Tachinidae) parasitize E. servus adults (McPherson et al. 1982 , Jones 1988 . These parasitoids use the pheromone of their known hosts as a hostfinding kairomone (Aldrich et al. 2006) . Regardless of whether pheromone traps are utilized for managing or monitoring stink bugs, the insect-collecting devices of the traps should allow adult stink bug parasitoids to escape in an effort to conserve these natural enemies in an integrated pest management program for stink bugs.
Stink bug dispersal into a crop tends to decrease as crop height increases . Therefore, the low growth of peanut likely facilitates flight of stink bugs into cotton. Thus, strategic placement of a physical barrier at the peanut-cotton interface could manage these pests. Indeed, the fact that these stink bugs are known to disperse into cotton at these interfaces provides an excellent opportunity to evaluate the ability of a physical barrier to retard the entry of colonizing stink bugs into crops in general.
The importance of nectar provision on parasitoid fitness has been demonstrated for various hymenopteran parasitoid species (Coombs 1997 , Berndt and Wratten 2005 , Araj et al. 2006 . Telenomus podisi Ashmead (Hymenoptera: Platygastridae) is the predominant parasitoid attacking Euschistus spp. eggs (Buschman and Whitcomb 1980 , Koppel et al. 2009 , Tillman 2011 . Flowers of buckwheat secrete nectar composed of sucrose, fructose, and glucose (Cawoy et al. 2008) , and the nectar attracts numerous insect parasitoid species (Bowman et al. 2012) . When buckwheat was incorporated in the farmscape in an earlier study, parasitism rates by Cotesia rubecula (Marshall) on imported cabbage worm [Pieris rapae (L.)] larvae were increased (Lee and Heimpel 2005) . Thus, combining buckwheat with soybean may enhance parasitism of E. servus eggs by T. podisi as part of an integrated pest management program for stink bugs.
This 2-yr study aimed to: 1) examine the ability of soybean trap cropping systems, pheromone-baited stink bug traps, and a synthetic physical barrier at the peanut-cotton interface to deter stink bugs from colonizing cotton, 2) determine if inserting eyelets in the lid of the insect-collecting device of a stink bug trap allows parasitoids, but not stink bugs, to escape the device, and 3) examine the influence of buckwheat adjacent to soybean on parasitism of E. servus eggs in cotton.
Materials and Methods
Study Sites. In 2010 and 2011, the experiment was conducted on a grower's peanut-cotton farmscape in Irwin County, GA (31 34'12.72" N, 83 17'56.98" N) . Cotton and peanut were rotated in 2011. The farmscape was $31 ha in size. This farmscape was isolated from other crops by woodlands, three ponds, and wetlands. The nearest cotton field was $500 m away, and the closest soybean field was $1.7 km away. Soybean (Southern States RT 5160N; Group V) was planted on 1 June 2010 and 3 June 2011. DP 1050 B2RF cotton was planted on 4 June 2010 and 3 June 2011. Rows were planted 0.91 m apart for each crop. In 2011, buckwheat was planted on 24 June, 8 and 22 July, and 5 August. Multiple planting dates for buckwheat ensured continuous flowering while cotton was fruiting. A patch of elderberry (Sambucus nigra subsp. canadensis (L.) R. Bolli), a known early-to-mid-season host plant of C. hilaris (Jones and Sullivan 1982) , existed $250 m away from soybean in the woodland habitat adjacent to the farmscape.
Sampling Procedures. The treatment threshold for cotton is set at 20% internal boll injury at the 2nd week of cotton bloom, 10-15% internal boll injury at the 3rd through 5th weeks of bloom, 20% internal boll injury at the 6th week of bloom, and 30% internal boll injury at the 7th week of bloom (Collins 2010) . Therefore, in 2010, cotton, soybean, and peanut were examined for the presence of N. viridula, C. hilaris, and E. servus from the 1st through the 7th week of bloom, and in 2011, these three crops were examined for stink bugs from the 1st through the 8th week of bloom. For soybean, pods with seed were present on these plants throughout cotton sampling. For each cotton and soybean sample, all plants within a 1.83 -m length of row were shaken over a drop cloth, and the number of stink bugs was recorded. In peanut, sweep nets (38 cm in diameter) were used to capture stink bugs. The peanut canopy within a 7.31 -m length of row was swept for stink bugs. Boll injury was assessed by examining a boll ($2.5 cm in diameter) at each sampling site (see below) for internal injury (i.e., warts and stained lint) caused by stink bugs as described by . None of the cotton plots received insecticide treatments during the study. Voucher insects are stored in the USDA, ARS, Crop Protection & Management Research Laboratory in Tifton, GA.
Stink Bug Traps and Pheromone Lures. Yellow pyramid traps (Mizell and Tedders 1995) baited with stink bug pheromone were used to capture stink bugs (Fig. 1A) . The insect-collecting device was modified from that used by Mizell and Tedders (1995) in that it was made from a 2.8-liter clear plastic PET jar (United States Plastic Corp., Lima, OH) with a screw-cap lid (10.2 mm in diameter) and seated atop the 1.22 -m-tall yellow pyramid base (Cottrell et al. 2000 ). An insecticidal ear tag (10% k-cyhalothrin and 13% piperonyl butoxide; Saber Extra insecticides ear tags, ScheringPlough Animal Health Corp., Union, NJ) was placed in the collecting device to decrease stink bug escape (Cottrell 2001) .
The Euschistus spp. pheromone (methyl [E,Z]-2,4-decadienoate) was purchased from Degussa AG Fine Chemicals (Marl, Germany). Lures were produced by pipetting 40 ml of the Euschistus spp. pheromone into the opening of rubber septa (11 mm natural, rubber sleeve stoppers, Wheaton, Millville, NJ), holding septa upright in a laboratory rack, and allowing septa to absorb the pheromone at room temperature (Cottrell and Horton 2011) .
The C. hilaris attractant (methyl [E,E,Z]-2,4,6-decatrienoate) was synthesized as previously described (Khrimian 2005) , as were the pheromone components for N. viridula (the trans-and cis-[Z]-a-bisabolene epoxides; Chen et al. 2000) . Lures for these two attractants were prepared by loading rubber septa (The West Company, Kearney, NE) with the appropriate pheromone (Tillman et al. 2010) . In a representative application, 10 rubber septa were placed in a 100 ml round-bottom one-neck Morton flask (Ace Glass, Inc., Vineland, NJ) and covered with 7 ml of hexane solution containing 25.0 mg of test compound. The flask was rotated on a closed rotary evaporator (without applying a vacuum) for 1.5-2 h or until the liquid was completely absorbed into the septa. The septa were placed in a fume hood for 1 h to evaporate most of the remaining hexane, and subsequently used for field trapping.
Stink bug traps baited with pheromone lures (one lure per stink bug species per trap) were used to capture N. viridula, E. servus, and C. hilaris in the treatments outlined below. Pheromone lures were replaced weekly throughout an experiment. For each treatment in which traps were used, the traps (four per plot) were positioned across the plot $4.6 m from each end of a plot and from each other. Traps were monitored weekly throughout the experiments, and all stink bugs were collected and taken to the laboratory for identification. Numbers of N. viridula, E. servus, and C. hilaris were recorded.
Physical Barrier. A physical barrier consisted of a 1.83 -m-high by 22.9 -m-wide sheet of black $85 g UVstabilized polypropylene supported by 11 evenly spaced 2.13 -m-high (0.3 m in the ground) T-style metal fence posts (photograph in Tillman 2014). Baling twine attached to the top of a T-post and to a piece rebar driven into the ground $0.9 m from the T-post was used to tie down a T-post. The T-posts at both ends of the barrier and the 4th, 6th, and 8th T-posts along the barrier were tied down. This arrangement of T-posts and tie-downs supported the barrier so that it did not fall down even during windy thunderstorms.
2010 Experiment. This experiment was conducted to determine the ability of soybean trap cropping systems (soybean with or without pheromone-baited stink bug traps), stand-alone stink bug traps, and a synthetic physical barrier to manage stink bugs in cotton. All treatment plots were established at the interface of the peanut-cotton farmscape. The five treatments were: 1) cotton adjoining two rows of soybean, 2) cotton adjoining two rows of soybean with stink bug traps between the soybean rows, 3) cotton adjacent to four stink bug traps, 4) cotton adjacent to a physical barrier, and 5) control cotton. Each experimental plot was 22.9 m long (along the interface) and 35 rows ($32 m) wide. Cotton was 33 rows ($30.2 m) wide. Soybean trap cropping systems, stand-alone stink bug traps, or the physical barrier were placed in two field rows ($1.8 m) between cotton and peanut. Each treatment was randomly assigned to a plot within a block for each of the four blocks (replicates) in a randomized complete block design (RCBD). There was a 3.7-m alley between treatment plots.
Cotton and soybean were sampled on 5 (1st week of cotton bloom; R4 soybean), 9 and 12 (2nd week of bloom; R5 soybean), 16 and 19 (3rd week of bloom; R5 soybean), 23 and 26 (4th week of bloom; R6 soybean) August, 30 August and 2 September (5th week of bloom; R6 soybean), and 6 (6th week of bloom; R6 soybean), and 13 (7th week of bloom; R7 soybean) September. For each sampling date, both soybean rows were sampled at three locations per plot. Cotton rows 1, 2, 5, 9, 16, and 33 were sampled at three locations per plot on each date sampled. Peanut was sampled on 2, 10, 16, 23, and 31 August and 7 and 14 September. Peanut rows 2, 5, 16, and 34 were sampled at one location per plot on each sampling date.
2011 Experiment. This experiment was conducted to determine the ability of soybean trap cropping systems (soybean with or without pheromone-baited stink bug traps), stand-alone stink bug traps, and a synthetic physical barrier to manage stink bugs in cotton. In this year of the study, buckwheat also was planted with soybean in two treatments. Again, all treatment plots were established at the crop-to-crop interface of the peanutcotton farmscape. The six treatments were: 1) cotton adjoining two rows of soybean, 2) cotton adjoining two rows of soybean with a row of buckwheat on each side of soybean, 3) cotton adjoining two rows of soybean with a row of buckwheat on each side of soybean and stink bug traps between the soybean rows, 4) cotton adjacent to four stink bug traps, 5) cotton adjacent to a physical barrier, and 6) control cotton. Each experimental plot was 22.9 m long (along the interface) and 271 rows ($247.8 m) wide. Cotton was 267 rows ($244.2 m) wide. Soybean trap cropping systems, stand-alone stink bug traps, or the physical barrier were placed in four field rows ($3.6 m) between cotton and peanut. Each treatment was randomly assigned to a plot within a block for each of the four blocks (replicates) in an RCBD. There was a 3.6-m alley between treatment plots.
Cotton and soybean were sampled on 5 (1st week of cotton bloom; R4 soybean), 11 (2nd week of bloom; R5 soybean), 15 and 18 (3rd week of bloom; R5 soybean), 22 and 25 (4th week of bloom; R6 soybean) August, 29 August and 1 September (5th week of bloom; R6 soybean), and 5 and 8 (6th week of bloom; R6 soybean), 12 and 15 (7th week of bloom; R7 soybean), and 19 and 22 (8th week of bloom; R7 soybean) September. Both soybean rows were sampled at two locations per plot on each date sampled. Cotton rows 1, 2, 5, 9, 16, 33, 133, 200 , and 267 were sampled, covering the cotton field. Each cotton row was at sampled three locations per plot on each date sampled. Peanut was sampled on 11, 18, 22, 25, and 29 August and 1, 5, 8, 12, 15, 19, and 22 September. Peanut rows 2, 9, 16, and 34 were sampled at one location per plot on each sampling date.
E. servus egg masses (<16 h old) were obtained and frozen in a freezer held at À77 C and then placed as sentinels in the field (as described in Tillman 2008) to determine egg parasitism rates. Three E. servus sentinel egg masses per plot were hung in two cotton treatments, soybean with buckwheat and the untreated control, on 31 August and 7, 14, and 21 September. Flowers were present on buckwheat over this time period, and observations of parasitoids feeding on nectar were made and recorded. Egg parasitism was recorded by placing E. servus eggs on a bamboo pole in the cotton canopy between cotton rows 1 and 2. An egg mass was placed on the pole at a height of approximately half the height of cotton. Any cotton leaves touching the bamboo pole were removed, and the pole was liberally covered with Tangle-Trap Insect Trap Coating (The Tanglefoot Company, Grand Rapids, MI) to prevent crawling predators from reaching the egg mass. Then an egg mass on a mesh cloth was hung on the bamboo pole (above insect trap coating) with a paperclip for 48 h. At the end of the exposure time, egg masses were collected from poles, brought into the laboratory, and held for emergence of adult parasitoids. If a cloth with an egg mass could not be recovered, that egg mass was eliminated from the study.
Eyelet Experiment. Prior to the 2010 experiment, the screw-cap lid of the insect-collecting device was modified to allow adult stink bug parasitoids to escape from the device. Three 6-mm-diameter eyelets (Prym Consumer USA, Inc., Spartanburg, SC) were inserted into the wire mesh of the lid (Fig. 1B) . This eyelet size was chosen because laboratory observations revealed that individual adult stink bug parasitoids could walk through an eyelet while E. servus, N. viridula, and C. hilaris were unable to do so. On 26 August 2013, an experiment was established in peanut (31 33'29.98" N, 83 17'47.65" W) to determine if these modified lids allowed parasitoids, but not stink bugs, to escape the devices. The experiment was conducted for 4 wk. Treatments (15 replicates per treatment) included traps with eyelets in lids of insect-collecting devices and traps with no eyelets in lids of these devices. Rubber septa loaded with Euschistus spp. pheromone (as above) were used as lures. An insecticidal ear tag was placed in an insect-collecting device at the beginning of the test. Traps were arranged in an RCBD separated by $4.6 m. On a weekly basis throughout the experiment, stink bugs and their adult parasitoids were collected from traps, pheromone lures were replaced, and then collected insects were taken to the laboratory for identification. Numbers of adult stink bug parasitoids and E. servus were recorded.
Data Analyses. All data were analyzed using SAS statistical software (SAS Institute Inc. 2010, Cary, NC). Chi-square analyses were used to compare frequencies of E. servus, N. viridula, and C. hilaris in peanut, soybean, and cotton (PROC FREQ). For graphs, date means were calculated for the number of stink bugs in peanut (PROC MEANS).
In cotton and soybean, stink bug count data were modeled using a Poisson distribution. The analyses were done using PROC GLIMMIX. The KENWARD-ROGER option and the LINK¼LOGIT function were used in the model statement. Model fit was evaluated by use of the chi-square and df statistic provided by PROC GLIMMIX (Littell et al. 2006) . Fixed effects were treatment, date, and treatment by date. Random effects were replicate and residual error. The treatment by date interaction was not significant for all density data; the interaction was therefore dropped from the model, and the model was rerun. Subsamples (samples per row) were pooled. For both years of the study, the first sampling date was excluded from analyses because stink bugs were absent on that date. In cotton in 2010, stink bugs were not detected on row 33, and thus this row was excluded from data analyses. In cotton in 2011, except for one E. servus adult on row 33 on 25 August, stink bugs were not detected on rows 9, 16, 33, 133, 200, and 267, and thus these rows were excluded from data analyses. Also in 2011, one stink bug trap replicate was accidentally destroyed. Means were back transformed using the ILINK option in the LSMEANS statement and compared using Tukey's honestly significant difference (HSD).
Boll injury data were modeled using a binomial distribution. The analyses were done using PROC GLIM-MIX. The KENWARD-ROGER option and the LINK ¼ LOGIT function were used in the model statement. Model fit was evaluated by use of the chi-square and df statistic provided by PROC GLIMMIX (Littell et al. 2006 ). The response variable was the number of injured cotton bolls/the total number of bolls per treatment replicate per week. Fixed effects were treatment, week, and treatment by week. Random effects were replicate and residual error. The treatment by week interaction was not significant; the interaction was therefore dropped from the model, and the model was rerun. For both years of the study, the first sampling date was excluded from analyses because stink bugs were absent on that date. Means were back transformed using the ILINK option in the LSMEANS statement and compared using Tukey's HSD.
In peanut, stink bug count data were modeled using a Poisson distribution. The analyses were done using PROC GLIMMIX. The KENWARD-ROGER option and the LINK ¼ LOGIT function were used in the model statement. Model fit was evaluated by use of the chi-square and df statistic provided by PROC GLIM-MIX (Littell et al. 2006 ). The fixed effect was treatment. Random effects were replicate and residual error. Means were back transformed using the ILINK option in the LSMEANS statement.
Stink bug trap count data for E. servus and C. hilaris were modeled using a Poisson distribution. The number of N. viridula adults in traps was too low (6 in 2010 and 14 in 2011) to analyze. The analyses were done using PROC GLIMMIX. The KENWARD-ROGER option and the LINK ¼ LOGIT function were used in the model statement. Model fit was evaluated by use of the chi-square and df statistic provided by PROC GLIMMIX (Littell et al. 2006) . Fixed effects were treatment, week, and treatment by week. Random effects were replicate and residual error. The treatment by week interaction was not significant for all trap data; the interaction was therefore dropped from the model, and the model was rerun. Means were back transformed using the ILINK option in the LSMEANS statement and compared using Tukey's HSD.
Data for parasitism rates of E. servus sentinel eggs were analyzed using PROC MIXED. Fixed effects were treatment, week, and treatment by week. Random effects were replicate, replicate by treatment, and residual error. Subsamples (samples per plot) were averaged. Arcsine square-root transformation was used to normalize percentage parasitism data. Means were separated using Tukey's HSD when appropriate.
For the eyelet experiment, the count data (number of E. servus and stink bug parasitoid adults) were modeled using a Poisson distribution. The analyses were done using PROC GLIMMIX. The KENWARD-ROGER option and the LINK ¼ LOGIT function were used in the model statement. Model fit was evaluated by use of the chi-square and df statistic provided by PROC GLIMMIX (Littell et al. 2006) . Fixed effects were treatment, week, and treatment by week. Random effects were replicate and residual error. The treatment by week interaction was not significant for all trap data; the interaction was therefore dropped from the model, and the model was rerun. Means were back transformed using the ILINK option in the LSMEANS statement and compared using Tukey's HSD.
Results
Species Composition. E. servus was the predominant stink bug species in peanut (89.0%; v 2 ¼ 152.4, df ¼ 2, P < 0.0001), cotton (75.1; v 2 ¼ 628.9, df ¼ 2, P < 0.0001), and soybean (59.5%; v 2 ¼ 457.5, df ¼ 2, P < 0.0001). The percentage of C. hilaris tended to be higher in soybean and cotton (31.1 and 15.1%, respectively) than in peanut (2.8%). The percentage of N. viridula tended to be similar in peanut (8.2%), cotton (9.8%), and soybean (9.4%).
2010 Experiment. E. servus, N. viridula, and C. hilaris were detected in cotton from the 2nd through the 7th week of cotton bloom ( Fig. 2A) . Adult stink bug density in cotton was significantly affected by treatment (Table 1 ; F 4,906 ¼ 35.31, P < 0.0001) and date ( Fig. 2A; F 9 ,906 ¼ 5.16, P < 0.0001). However, adult stink bug density was not significantly different among treatments in adjacent peanut (Table 1; F 4, 1 ¼ 1.22, P ¼ 0.5843). E. servus and N. viridula nymphs and adults were present in peanut at least a week before adults of these stink bugs began colonizing cotton and throughout the remaining experiment ( Fig. 2A) . Only C. hilaris adults were present in peanut. Boll injury was significantly affected by treatment (Table 1; F 4,110 ¼ 16.48, P < 0.0001) and week ( Fig. 2B ; F 5,110 ¼ 27.76, P < 0.0001). Stink bug density in cotton was lower for the physical barrier treatment compared to all other treatments, and boll injury was lower for this treatment compared to all other treatments except for the soybean þ stink bug trap treatment (Table 1) . Stink density in cotton and boll injury was similar for (Table 1) . Stink bug density in cotton was significantly lower for date 2 (early 2nd week of bloom) compared to all other sampling dates except for date 3 ( Fig. 2A) , and percentage boll injury was significantly lower for the 2nd week of cotton bloom compared to the 3rd through 7th weeks of bloom (Fig. 2B) . Stink bug density peaked in cotton on date 5 (late 3rd week of bloom), and density was higher on dates 5 through 7 compared to dates 10 and 11 ( Fig. 2A) . Boll injury was significantly higher for the 7th week of bloom compared to the other weeks (Fig. 2B) . Trap capture for E. servus adults was not significantly influenced by treatment (Table 2 ; F 1, 185 ¼ 1.27, P ¼ 0.261) or week (F 5, 1 ¼ 38.43, P ¼ 0.1218). Trap capture for C. hilaris adults was significantly higher for traps within soybean compared to stand-alone traps (Table 2 ; F 1, 185 ¼ 44.72, P < 0.0001). Trap capture for C. hilaris adults was not significantly affected by week (F 5, 1 ¼ 7.33, P < 0.273). A total number of 1,943 (1,357 females) E. servus, C. hilaris, and N. viridula adults were captured in traps over the experiment.
2011 Experiment. E. servus, N. viridula, and C. hilaris were detected in cotton from the 2nd through the 8th week of cotton bloom (Fig. 3A) . Adult stink bug density in cotton was significantly affected by treatment (Table 3 ; F 5, 879 ¼ 14.91, P < 0.0001), but not date ( Fig. 3A; F 12, 1 ¼ 2.04, P < 0.5031). As in 2010, though, adult stink bug density was not significantly different among treatments in peanut (Table 3 ; F 5, 1098 ¼ 1.61, P ¼ 0.1544). E. servus and N. viridula nymphs and adults were present in peanut throughout the experiment (Fig. 3A) . Only C. hilaris adults were present in peanut. In general, stink bug density in peanut dropped soon after stink bug adults began colonizing cotton (Fig. 3A) . Boll injury was significantly affected by treatment (Table 3 ; F 4, 149 ¼ 12.68, P < 0.0001) and week ( Fig. 3B; F 6 , 149 ¼ 3.86, P < 0.0013). Again, stink bug density in cotton was lower for the physical barrier treatment compared to all other treatments (Table 3) . Even though boll injury in general was low during this year of the study, it was significantly lower for the physical barrier treatment than for the control. Stink bug density in cotton was similar for each soybean treatment, and boll injury was significantly lower for the soybean treatments compared to the control. In soybean, adult stink bug density also was not significantly affected by treatment (Table 3 ; F 2, 1 ¼ 3.95, P ¼ 0.3351) or date (F 11, 1 ¼12.92, P ¼ 0.214). Stink bug density in cotton, as well as boll injury, were higher for the control and stand-alone stink bug trap treatments compared to all other treatments (Table 3 ). In general, stink bug density peaked on date 8 (late 5th week of bloom) (Fig. 3A) , and boll injury was significantly higher on the 5th week of bloom compared to the 3rd and 4th weeks of bloom (Fig. 3B) .
Trap capture for E. servus adults was not significantly influenced by treatment (Table 2 ; F 1, 188 ¼ 1.36, P ¼ 0.2446) or week (F 6, 1 ¼ 17.82, P ¼ 0.1794). Trap capture for C. hilaris adults was significantly higher for traps within soybean compared to stand-alone traps (Table 2 ; F 1, 188 ¼ 11.95, P < 0.0007). Trap capture for C. hilaris adults was not significantly affected by week (F 6, 1 ¼ 5.99, P < 0.3029). A total number of 1,076 (714 females) E. servus, C. hilaris, and N. viridula adults were captured in traps over the experiment.
Adult T. podisi were observed feeding on buckwheat nectar. Percentage parasitism of E. servus egg masses by T. podisi was significantly higher in cotton associated with soybean and buckwheat (38.9 6 8.6%) than in control cotton (13.0 6 7.3%; F 1, 24 ¼ 5.18, P ¼ 0.0321). Parasitism was not significantly affected by week (F 3, 24 ¼ 1.18, P ¼ 0.3366) or the interaction between treatment and week (F 3, 24 ¼ 0.63, P ¼ 0.6008).
Eyelet Experiment. In the field, stink bug adult parasitoids, C. binotata, E. tentatrix, and T. pennipes, were observed flying directly to the top of the insectcollecting device of the stink bug trap upon entering the device. Unfortunately, some adult parasitoids were captured in devices with eyelets in the lids. However, the mean number of adult parasitoids in insectcollecting devices was significantly lower in devices with eyelets in the lids (0.0394 6 0.0233 per device) compared to those without eyelets (0.6836 6 0.1296 per device; F 1, 115 ¼ 23.08, P < 0.0001). Parasitoid capture was not significantly influenced by week (F 3, 1 ¼ 8.35, P < 0.2479). The predominant parasitoid captured was C. binotata (87.3%; v 2 ¼ 628.9, df ¼ 2, P < 0.0001), followed by E. tentatrix (9.1%) and T. pennipes (3.6%). In the field, E. servus individuals walked into the insect-collecting device, but they never were observed on the lid inside the collecting device. The mean number of E. servus in collecting devices was not significantly different between devices with eyelets (4.9697 6 0.535 per device) or without eyelets in lids (5.5298 6 0.589 per device; F 1, 115 ¼ 2.5, P ¼ 0.1162). Capture of E. servus was not significantly influenced by week (F 3, 1 ¼ 105.62, P < 0.0714). 
Treatment
Trap capture 2010 Trap capture 2011
E. servus C. hilaris E. servus C. hilaris
Stink bug traps (SBT) 9.18 6 0.53a 0.11 6 0.04b 4.42 6 0.91a 0.09 6 0.03b Soybean þ SBT 8.71 6 0.55a 0.56 6 0.16a Soybean þ SBT þ buckwheat 4.79 6 0.97a 0.31 6 0.07a
Least squares means followed by the same letter in the same column are not significantly different (Tukey's HSD, P > 0.05).
Discussion
In both years of the study, E. servus, N. viridula, and C. hilaris colonized cotton during the period of time the crop was susceptible to injury by stink bugs. The frequency of occurrence of E. servus and N. viridula was similar in both peanut and cotton. Peanut, though, was an uncommon host for C. hilaris, as reported in an earlier study (Tillman 2013) . Based on the presence of nymphs and adults in peanut throughout the current experiments, N. viridula and E. servus developed in this crop, as shown previously for peanut fields in this region (Tillman 2008 0.341 6 0.075a 6.5 6 1.7a 0.028 6 0.014a Soybean 0.103 6 0.029b 2.2 6 0.7b 0.078 6 0.021a 1.21 6 0.12a Soybean þ SBT þ buckwheat 0.086 6 0.026b 2.0 6 0.7b 0.098 6 0.024a 1.13 6 0.12a Soybean þ buckwheat 0.063 6 0.021b 1.3 6 0.5b 0.068 6 0.019a 1.48 6 0.14a Physical barrier 0.006 6 0.006c 1.1 6 0.5b 0.052 6 0.017a
in peanut at least one week earlier than in cotton, or their density dropped in peanut soon after adults began colonizing cotton. Altogether, these results indicate that peanut was a source of N. viridula and E. servus into cotton. Mark-recapture studies have demonstrated that these two stink bug species disperse from peanut into cotton (Tillman et al. 2009, Tillman and Cottrell 2012) , and colonization of these two stink bug species, as well as C. hilaris, occurs mainly at the peanut-cotton interface in peanut-cotton farmscapes . Elderberry existed in the woodland habitat adjacent to the peanut-cotton farmscape in this study. We did not examine elderberry in this study for the development of C. hilaris on this known host plant (Jones and Sullivan 1982) . Nevertheless, elderberry was the likely source of this stink bug species in cotton, for the frequency of C. hilaris tended to be lower in peanut than in cotton and soybean, and only C. hilaris adults were detected in peanut. The spatial distribution of C. hilaris in crops in corn farmscapes and capture of C. hilaris in pheromone-baited traps near elderberry indicated that this host was a source of this stink bug into cotton (Cottrell and Tillman 2015) . Preliminary mark-recapture studies have shown that C. hilaris disperses from elderberry into cotton in late July and early August (P.G.T., unpublished data). The physical barrier was the most effective management tactic. A recent study has shown that a physical barrier, either synthetic or plant-based (sorghum sudangrass, S. bicolor Â S. bicolor var. sudance), can reduce boll injury in cotton at the peanut-cotton interface (Tillman 2014) . In that study, a physical barrier at least as tall as cotton effectively retarded the entry of stink bug adults into cotton. Using a physical barrier for managing stink bugs may not be appropriate for every cropping system. Considering, though, the paucity of effective biopesticides for control of stink bugs in organic cropping systems, a physical barrier may be a useful alternative control measure for stink bug management in these cropping systems.
Soybean was an effective trap crop for stink bugs in cotton regardless if used alone or in combination with either stink bug traps and/or buckwheat. The effectiveness of soybean as a trap crop for N. viridula in cotton has been previously reported Newsom 1984, Todd and Schumann 1988) . In an earlier study, a combination of a sorghum trap crop and pheromonebaited stink bug traps at crop-to-crop interfaces effectively managed E. servus in cotton (Tillman and Cottrell 2012) . determined that E. servus, N. viridula, and C. hilaris preferred soybean to cotton which likely explains the success of soybean as a trap crop for these three stink bug species in cotton. Even though stink bug density in cotton and boll injury was not significantly different among soybean trap cropping systems, there was some indication that the inclusion of stink bug traps may be a useful management tactic. Stink bug density in cotton was numerically lower for soybean with traps compared to soybean without traps for both years of the study. Also, capture of C. hilaris in traps was higher when the traps were placed within soybean than when standalone traps were used. However, trap capture for E. servus was similar with or without soybean. Perhaps, C. hilaris has a very strong attraction to soybean. An additional benefit in incorporating stink bug traps within a trap crop is that at least a portion of the stink bug adults, including females which could reproduce in soybean and cotton, are killed.
Stand-alone pheromone-baited stink bug traps were not very effective in deterring colonization of cotton by stink bugs. Newly emerged female N. viridula (Fortes et al. 2011) , Euschistus spp. (Toscano and Stern 1980, Herbert and Toews 2011) , and likely C. hilaris, have no oocytes. These females need food for development of mature oocytes (Adams 1997 , Davey 1997 ). Because mating is necessary for oviposition by N. viridula (Fortes et al. 2011) , it is also likely essential for oviposition by E. servus and N. viridula. Therefore, using an attractive food source in combination with pheromonebaited traps is more likely to retain stink bugs than stand-alone traps. Soybean is an attractive food source for E. servus, N. viridula, and C. hilaris , and the pheromones used for capturing these stink bugs attract both males and females (Mitchell and Mau 1971 , Aldrich et al. 1991 , Tillman et al. 2010 ) to bring together the sexes for mating. So in this current study, combining a food source with stink bugs traps likely explains why the soybean þ stink bug trap treatment was a more effective management tactic than using stand-alone traps. In the field, the brown marmorated stink bug, Halyomorpha halys (Stål), is cross-attracted to the pheromone produced by males of P. stali Scott (Khrimian et al. 2008) . In a recent study, Sargent et al. (2014) tested the assertion that traps baited with this pheromone can be used in home gardens to reduce damage to plants. One set of gardeners placed traps at the end of a row of tomatoes, Solanum lycopersicum (L.), and a second set of gardeners placed no traps near tomato plants. The tomato fruits grown in gardens with traps sustained significantly more injury than tomato fruits grown in gardens without traps. As in our study, using stand-alone traps was not an effective management tactic for a stink bug species mainly because stink bugs need a food source in the locations where they aggregate. Indeed, a previous study indicated that stink bugs become more attracted to food than to stink bug traps once food becomes available (Tillman et al. 2010) . Regardless of whether pheromone-baited traps are utilized for monitoring or managing stink bugs, the importance of host plant associations and preferences should be considered.
The insertion of eyelets in the lid of the insect-collecting device of a stink bug trap allowed adult stink bug parasitoids, but not E. servus, to escape. The majority of adult parasitoids can escape through the eyelets without being killed by the insecticides in the ear tags placed in the insect-collecting devices, but there is the possibility of sublethal effects. However, because the ear tag must be placed inside a collecting device to prevent escape of stink bugs, providing an escape mechanism for the parasitoids is our only option for trying to conserve these natural enemies.
Laboratory observations have revealed that E. quadrator adults can walk through an eyelet on a lid (P.G.T., unpublished data). In a 2-yr study using stink bug traps baited with Euschistus spp. pheromone to capture stink bugs in a sorghum trap crop, the frequency of occurrence for stink bug species in traps was highest for E. servus (69.1%) while low (7.4%) for Euschistus quadrator Rolston, in general a smaller stink bug species than E. servus (Tillman and Cottrell 2012) . As observed for E. servus in the current study, though, E. quadrator individuals never were observed on the lid inside the collecting device (P.G.T., unpublished data). Therefore, it's unlikely that stink bug species size will influence escape of stink bugs from the insectcollecting device via these eyelets.
Incorporation of a nectar-producing plant, i.e., buckwheat, in the soybean trap crop increased efficacy of T. podisi attacking E. servus eggs in cotton. In another study utilizing buckwheat as a nectar-producing plant, parasitism of N. viridula adults by T. pennipes was significantly higher in cotton with buckwheat than in cotton without this plant (Tillman 2014) . In an earlier study assessing the influence of nectar provisioning using milkweed (Asclepias curassavica L.), parasitism of adult stink bugs by T. pennipes was significantly higher in cotton with milkweed than in cotton without this plant (Tillman and Carpenter 2014) . Thus, nectarprovision is an important part of an integrated pest management program for these pests.
Although the synthetic physical barrier and soybean trap cropping systems could reduce stink bug density and boll injury in cotton in small plots, the full potential of these management tactics has yet to be determined. Placement and size of trap cropping systems or a physical barrier to retard entry of stink bugs into crops could vary depending on landscape composition including crop types and adjoining stink bug reservoir habitats, and landscape structure such as position of crops, crop height, and height of source plants within reservoir habitats. However, the paucity of effective alternative control measures available for stink bug management justifies further full-scale evaluations into these management tactics for control of these pests in crops.
